SUMMARY Seventy-two men with gonococcal urethritis were given a single 300-mg dose of minocycline. The failure rate was 13% and the trial was terminated at an early stage. Failure was correlated with increased resistance of Neisseria gonorrhoeae to minocycline.
Introduction
Antibacterial drugs have been used for the treatment of gonorrhoea for 40 years, but the emergence of resistant strains of Neisseria gonorrhoeae has necessitated the continuous re-evaluation of treatment. Because of resistance, some formerly effective agents-such as the sulphonamides and streptomycin-can no longer be used. Penicillin and its derivatives are still generally effective, but the curative dosage has progressively increased and may before long, even with added probenecid, reach the limit of what is clinically practicable. This problem has been aggravated by the recent advent of the P-lactamase-producing gonococcus, which presents a continuing threat for the future. Sooner or later it will no longer be possible to use penicillin derivatives for the treatment of gonorrhoea, and it is prudent to plan for this eventuality, firstly by in-vitro studies of newer antibacterial agents and then by clinical trials.
In view of the importance of Chlamydia trachomatis in the aetiology of post-gonococcal urethritis (PGU) (Richmond et al., 1972) and cervicitis (Oriel, 1977) , any new antibiotic regimen would ideally be active against both microorganisms. The tetracyclines theoretically fulfil this criterion. Earlier studies of the effect of minocycline in gonorrhoea have produced variable results (Duncan et al., 1971; Masterton and Schofield, 1976) . We report in this paper a small trial of the effect of a single dose of 300 mg on both gonococcal urethritis in men and the incidence of PGU and the presence of C. trachomatis. The high failure rate in the treatment of gonorrhoea led to the curtailment of the clinical trial, but the obvious relationship between treatment failure and raised minimum inhibitory concentration (MIC) for the infecting strain of N. gonorrhoeae led us to investigate the current incidence of tetracycline resistance in this area. We also took the opportunity to determine the MIC of a number of newer antibiotics and to compare these with the drugs currently in use in this hospital, namely penicillin and spectinomycin. Erythromycin was included both because of its high activity against C. trachomatis and for comparison with rosamicin, which is a new macrolide. , or of similar numbers of PMN in urinary sediment of firstcatch urine specimens seven or more days after treatment, or of both.
LABORATORY METHODS
Gonococci were isolated from primary cultures on Thayer-Martin medium containing vancomycin, colistin, and trimethoprim. Pure cultures were then stored at -70°C until tested in batches. The first 57 strains were isolated from patients in the clinical trial but after this had been terminated all strains of N. gonorrhoeae isolated in the Department of Microbiology were included in the in-vitro studies.
MICs were determined by the plate-dilution method using Isosensitest agar (Oxoid) with 50/0 lysed horse blood added. The Reeve et al., (1975) using McCoy cells pretreated with idoxuridine.
Results

EFFECT OF MINOCYCLINE ON GONOCOCCAL URETHRITIS
A group of 72 men with gonococcal urethritis confirmed by culture were treated with a single dose of minocycline 300 mg. Of these men, 59 were heterosexual and 13 homosexual. The drug was well tolerated and no side effects were seen in any of the men. Three patients were reinfected with gonorrhoea during the follow-up period and were removed from the trial, thus leaving a study group of 69 (56 heterosexual and 13 homosexual). Of these, 60 (8707o) were cured; 11 were followed up for up to one week (with one negative post-treatment culture result), 27 for up to two weeks (two negative culture results), 14 for up to three weeks (three negative culture results), and eight for up to four weeks (four negative culture results). Nine (13%) of the 69 men had a relapse; all denied further sexual intercourse since treatment. Positive culture results for N. gonorrhoeae were obtained from eight of these men on their first follow-up examination seven days after treatment and from one man on the second follow-up examination nine days after treatment, the first posttreatment culture result having been negative.
There was a marked correlation between the clinical results and the MIC estimations for the infecting strains of N. gonorrhoeae. Of the eight isolates available for study from men who had a relapse, an MIC of 0 5 ,ug/ml was found for six, the mean MIC being 0 67 l.g/ml; there was no change in MIC for the organisms reisolated from four of these patients. Of the 41 isolates available from men who had been cured, an MIC of 0 5 Mg/ml was found for only two, the mean MIC being 0-14 Hg/ml. resistant to the latter showed a similar or even greater relative increase in the MIC of tetracycline (Figure, . a). The curve for penicillin has been included in each graph for comparison and it is obvious that the curves for not only the tetracycline but also for piperacillin, cefotaxime, cefuroxime, sulphamethoxazole, erythromycin, and thiamphenicol all run nearly parallel to this and that for rosamicin is similar but the increase in resistance is less. In contrast, the line for spectinomycin is almost vertical; no resistance was seen and all strains were inhibited by 16 pg/ml.
EFFECT OF MINOCYLINE ON C. TRACHOMA TIS
Isolates of C. trachomatis were obtained from 10 (170/0) of 58 heterosexual men with gonorrhoea but from none of 13 homosexual men. One specimen (from a heterosexual man) was contaminated. None of the three men removed from the trial because of reinfection by N. gonorrhoeae yielded chlamydiae before treatment. Of the 10 men who had chlamydia-positive isolates before minocycline therapy, nine had negative results subsequently, the follow-up periods being three days for one man (one negative culture result) eight days for one man (one P. M. Waterworth, J. D. Oriel, G. L. Ridgway, and S. Subramanian negative culture result), nine days for one man (two negative culture results), 14 days for one man (two negative culture results), and 17 days for two men (three negative culture results). C. trachomatis was reisolated from one man 14 days after treatment, cell culture having given a negative result after eight days. One other man, chlamydia-negative before treatment, yielded chlamydiae 19 days later; both these men denied sexual intercourse since treatment.
EFFECT OF MINOCYCLINE ON PGU
Of the 72 men with gonorrhoea treated with minocycline, 45 were followed for seven or more days; 36 were heterosexual, of whom six were chlamydia-positive before but not after treatment, one chlamydia-positive both before and after treatment, and one, chlamydia-negative before treatment, yielded chlamydiae subsequently. Nine men were homosexual and were chlamydia-negative throughout. Of the 45 men, eight (18%) developed PGU, including the two who yielded chlamydiae after treatment. None of the five men who were chlamydia-positive before but not after treatment developed PGU.
Discussion
In vitro, minocycline shows considerable activity against N. gonorrhoeae; an MIC of >0* 5 1ig/ml was found for only 8% of 171 strains. Although minocycline was four times as active as tetracycline against sensitive strains, those resistant to the latter showed a similar, or greater, relative increase in the MIC of minocycline. The parallel patterns of resistance of N. gonorrhoeae to tetracycline, minocycline, erythromycin, rosamicin, and thiamphenicol is interesting and suggests the possibility of difficulties in the use of these antibiotics in the event of treatment failure with penicillin. The lack of such a pattern with spectinomycin confirms the value of this drug in the therapy of penicillin-resistant gonorrhoea.
Minocycline is highly active against the gonococcus but it is clear that treatment with a single dose of 300 mg is unlikely to be successful if the infecting strain shows increased resistance to tetracycline. A failure rate of 13% indicated to us that minocycline in this dosage has only a limited place in the treatment of gonorrhoea. Other workers in Britain have obtained better clinical results, probably because of local variations in the prevalence of tetracycline-resistant strains.
A relationship between treatment failure with single-dose regimens of tetracyclines and the susceptibility of the infecting strains has been described for methacycline and doxycycline by Wiesner et al., (1973) . These, and our own, results show that the clinician who is contemplating a singledose regimen of a tetracycline for the treatment of gonorrhoea should be aware of the pattern of gonococcal resistance in his own area and keep this under constant review. Whether there has been a general increase in the resistance of N. gonorrhoeae to tetracyclines in Britain is not known, but this has undoubtedly occurred in other countries. It seems unlikely that single-dose treatment of gonorrhoea with any tetracycline will prove a satisfactory alternative to present remedies if, and when, these can no longer be used.
The incidence of PGU after minocycline therapy (18%) was markedly lower than we have observed in comparable studies using single-dose ampicillin (37%) or spectinomycin (40070) (Oriel et al., 1976; Oriel et al., 1977) . This is probably largely due to the activity of minocycline against C. trachomatis, the major cause of PGU. In the present study, chlamydiae were reisolated from only one of eight men after treatment. The periods of follow-up, however, were short, and possibly longer periods of observation would have shown more recurrences; there is evidence from in-vitro studies which would support this idea (Ridgway et al., 1978) . Nevertheless, from our results chlamydial genital infections might possibly be successfully treated with shorter courses of therapy with minocycline than those presently in use.
Further studies of single-dose treatment of synchronous genital infections with N. gonorrhoeae and C. trachomatis are desirable, and any new antibacterial agent developed for the treatment of gonorrhoea should be evaluated in this way, with the object of reducing the incidence of PGU and of persistent chlamydial genital infection in women. Rosamicin is highly active against C. trachomatis, with an MIC of 0-015 Mg/ml, and might be considered for this purpose if the drug is clinically effective in gonorrhoea. Conversely, thiamphenicol, with an MIC for C. trachomatis of 0 5 glg/ml, would not be expected to be an effective treatment in this respect.
The high activity of piperacillin (a carbenicillin) and cefotaxime (a cephalosporin) against the gonococcus must be regarded as primarily of academic interest; the place of these antibiotics is more likely to be in the treatment of serious infections with Gram-negative bacilli.
